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Fig. S1. The custom-developed mobile application for data display 
  
 S-3
 
Fig. S2. System-level block diagram of the thermopile IR sensor. 
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Fig. S3. Circuit diagram of the signal-conditioning circuit for the thermopile IR 
sensor 
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Fig. S4. Relationship between temperature and voltage of the thermistor.  
a. Equivalent circuit diagram for the thermistor voltage divider circuit. b. Experimental 
and simulated output voltage of the thermistor voltage divider for temperatures from 
20 °C to 55 °C.  
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Discussion. S1. Output voltage simulation of the thermistor voltage divider 
For the simulation, the nominal thermistor resistance vs. temperature data in the thermopile IR 
sensor datasheet was used. According to the datasheet, the relation between the thermistor 
resistance and temperature is non-linear. Thus, in order to linearize the relationship, the 
thermistor is connected in series with a normal resistor to form a voltage-divider circuit. As a 
result, the output voltage becomes approximately linear over the temperature range of interest. In 
this application, a 120 kΩ resistor is used for the normal resistor because the nominal thermistor 
resistance at room temperature (20 °C) is around 120 kΩ. With almost equal resistances in the 
voltage-divider circuit, the linear region is centered in the range of interest, thus the linearization 
effect is more significant. The output voltage reflects the thermistor resistance change. The 
relation between output voltage and the thermistor resistance is captured by the following 
equation. 
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R	
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Fig. S5. 3D printed heating device for temperature calibration. (a) Schematic diagram 
of the 3D printed heating device used to calibrate the thermopile IR sensor. (b) Optical 
image of the testing setup and IR camera image of the temperature profile in the device. 
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Fig. S6. System-level block diagram of the bone-conduction hearing aid 
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Fig. S7. Circuit diagram of the signal-conditioning circuit for the bone-conduction 
hearing aid 
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Fig. S8. Input voltages for the reference tones from a cell phone 
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Fig. S9. Skin and core body temperature change when a subject is exposed to rooms 
at 6(a), 23(b), 30(c), and 37 °C(d). 
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Fig. S10. Power distribution of the 3.7 Li-ion polymer battery 
 
 
